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Dynamic Analysis on Deployable Mechanisms with Scissor-Like Elements
Using Absolute Nodal Coordinate Formulation
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Abstract: For problems of low deployment accuracy, complex control, and motion instability of
deployable mechanisms exposed in engineering due to the characteristics of light weight, large
flexibility, and large size of components, the absolute nodal coordinate formulation (ANCF) is
used to analyze the impact of component flexibility on the dynamic characteristics of deployable
mechanisms with scissor-like elements from the perspective of multiple flexible bodies. Firstly,
based on ANCF, a new non-locking planar beam element is proposed. Secondly, considering the
configuration characteristics and motion conditions of deployable mechanisms with scissor-like el-
ements serving in spatial mechanisms such as solar panels and extension arms, a dynamic model
for deployable mechanisms with three scissor-like elements is established using the first type La-
grange equation. Finally, the influence of rod flexibility on dynamic behaviors of deployable
mechanisms is analyzed by this model. The research results show that the proposed new element

improves the computational efficiency by 18. 2% via solving the element locking problem, and the
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flexibility of components can lead to resonance of different components, affecting the deployment

accuracy of deployable mechanisms. The research can provide theoretical reference for the deploy-

ment of large/ultra large extension arms in orbit.

Keywords: absolute nodal coordinate formulation; scissor-like element; deployable mechanism;

non-locking element; flexible multi-body dynamics
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Fig. 1 Classical plane shear beam element
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Fig. 2 Schematic diagram of classical planar beam ele-

ment before and after deformation
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